Introduction
Diabetes mellitus is a leading cause of death and disability worldwide. 1, 2 Its global prevalence was about 8% in 2011 and is predicted to rise to 10% by 2030. 3 Nearly 80% of people with diabetes live in low-and middle-income countries. 3 Asia and the eastern Pacific region are particularly affected: [3] [4] [5] [6] [7] [8] in 2011, China was home to the largest number of adults with diabetes (i.e. 90.0 million, or 9% of the population), followed by India (61.3 million, or 8% of the population) and Bangladesh (8.4 million, or 10% of the population). 3 However, many governments and public health planners remain largely unaware of the current prevalence of diabetes and prediabetes, the potential for a future rise in prevalence and the serious complications associated with the disease. Consequently, knowledge of the prevalence of diabetes and prediabetes and of related risk factors could raise awareness of the disease and lead to new policies and strategies for prevention and management.
In Bangladesh, which had a population of 149.8 million in 2011, 9 a recent meta-analysis showed that the prevalence of diabetes among adults had increased substantially, from 4% in 1995 to 2000 and 5% in 2001 to 2005 to 9% in 2006 to 2010. 5 According to the International Diabetes Federation, the prevalence will be 13% by 2030. 3 However, no nationally representative, epidemiological study of the prevalence of diabetes mellitus and its risk factors has been carried out in the country. Previous studies have been limited to specific urban or rural regions or to a single sex or had a small sample. 4, [10] [11] [12] [13] Moreover, no previous study has fully assessed the effect of individual, household and community factors on diabetes and prediabetes. The aims of this study, therefore, were to obtain a nationally representative estimate of the age-adjusted prevalence of diabetes and prediabetes in Bangladesh and to identify individual, household and community factors associated with the conditions.
Methods
The study used data from the most recent Bangladesh Demographic and Health Survey (DHS), which was carried out between July and December 2011 in collaboration with the Bangladesh National Institute of Population Research and Training. Nationally representative, probability samples of men and women were selected for interview using a two-stage, stratified cluster sample of households that included strata for rural and urban areas and for the seven administrative divisions of Bangladesh. 14 The primary sampling units, each of which contained 120 households on average, were taken from the most recent census enumeration areas. In the first stage of sampling, 600 sampling units were selected, with the probability of selection proportional to the unit size. In the second stage, 30 households were selected within each primary sampling unit by systematic random sampling. Of the 17 964 households selected using this procedure, 17 511 were eligible for inclusion in the survey. Interviews were completed successfully in 17 141 households containing a total of 83 731 household members. The overall response rate for eligible households was 97.9%.
The 2011 DHS was the first national survey in Bangladesh to incorporate the measurement of biomarkers, including blood pressure and blood glucose levels. One in three of the 17 511 eligible households was selected for biomarker Objective To estimate the prevalence of diabetes and prediabetes in Bangladesh using national survey data and to identify risk factors. Methods Sociodemographic and anthropometric data and data on blood pressure and blood glucose levels were obtained for 7541 adults aged 35 years or more from the biomarker sample of the 2011 Bangladesh Demographic and Health Survey (DHS), which was a nationally representative survey with a stratified, multistage, cluster sampling design. Risk factors for diabetes and prediabetes were identified using multilevel logistic regression models, with adjustment for clustering within households and communities. Findings The overall age-adjusted prevalence of diabetes and prediabetes was 9.7% and 22.4%, respectively. Among urban residents, the age-adjusted prevalence of diabetes was 15.2% compared with 8.3% among rural residents. In total, 56.0% of diabetics were not aware they had the condition and only 39.5% were receiving treatment regularly. The likelihood of diabetes in individuals aged 55 to 59 years was almost double that in those aged 35 to 39 years. Study participants from the richest households were more likely to have diabetes than those from the poorest. In addition, the likelihood of diabetes was also significantly associated with educational level, body weight and the presence of hypertension. The prevalence of diabetes varied significantly with region of residence. Conclusion Almost one in ten adults in Bangladesh was found to have diabetes, which has recently become a major public health issue. Urgent action is needed to counter the rise in diabetes through better detection, awareness, prevention and treatment. Detailed information on the sociodemographic characteristics of all participants was collected by trained staff using a standard questionnaire, which contained questions on the diagnosis and treatment of diabetes and hypertension. Each data collection team included a health technician who was trained to measure blood pressure and collect blood samples. Blood pressure, blood glucose concentration, body weight and height were assessed using standard methods, as previously described. 15 Blood pressure was measured using a LifeSource UA-767 Plus blood pressure monitor (A&D Medical, San Jose, USA), as recommended by the World Health Organization (WHO). Three measurements were taken at approximately 10-minute intervals and the respondent's blood pressure was obtained by averaging the second and third measurements. Blood glucose was measured using the HemoCue Glucose 201 Analyzer (Teleflex Medical L.P., Markham, Canada) in whole blood obtained by finger prick from capillaries in the middle or ring finger after an overnight fast -an approach that is widely used in resource-limited countries. 10, 15, 16 Blood glucose measurements were adjusted to obtain equivalent plasma glucose levels. 17 Prediabetes and diabetes were defined according to WHO and American Diabetes Association criteria. 16, 18 Prediabetes was defined as a fasting blood glucose level of 6.1 mmol/L to 6.9 mmol/L, without medication. Diabetes was defined as a level greater than or equal to 7.0 mmol/L or self-reported diabetes medication use. These levels have been used in previous studies in Bangladesh 15 and in other Asian countries. [19] [20] [21] We investigated whether the following characteristics of individuals, their communities and their households were associated with the risk of diabetes or prediabetes: the respondent's age, sex, marital status, educational level, working status and body mass index; the presence of hypertension, which was defined as a systolic blood pressure ≥ 140 mmHg or a diastolic blood pressure ≥ 90 mmHg or current treatment with antihypertensive medication; rural or urban residence; region of residence; and household socioeconomic status. Household socioeconomic status was derived from the household wealth index reported in the Bangladesh DHS, which was based on the household's amenities, assets and living conditions. 22 Households were classified as belonging to a socioeconomic status quintile according to the household wealth index quintile to which they belonged.
Statistical analysis
The study was designed and reported in accordance with Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines. 23 Differences in variables between individuals with diabetes and those without were assessed using a t test or χ 2 test for continuous and categorical variables, respectively. The prevalence of diabetes and prediabetes was estimated for the whole study population and for population subgroups. The age-adjusted prevalence of diabetes and prediabetes was derived using logistic regression models. Prevalence estimates took into account the complex survey design and sampling weights.
In the Bangladesh DHS data, individuals were mainly nested in households, which were nested in communities. Thus, individuals in the same household and households in the same community were strongly clustered. Multilevel models were used to compensate for the effect of clustering at individual and household levels. 24 Consequently, we assessed associations between individual, household and community characteristics and the presence or absence of diabetes and the presence or absence of prediabetes using three separate multilevel logistic regression models. The first model included only individual and household characteristics and the random intercept at the household and community level. The second model included only community characteristics and had no random intercept. The third (i.e. full) model included individual, household and community characteristics to account for clustering of individuals within households and households within communities. Imputation, based on a regression model, was used to estimate missing values from known values to account for missing data, most frequently for the body mass index (i.e. in 30.6% of respondents). 25 Age, sex and place of residence were included as covariates in the imputation. All statistical analyses were performed using Stata version 12.1 (StataCorp. LP, College Station, USA).
Results
The sociodemographic and health characteristics of individuals in the study population and details of their households and communities are presented in Table 1 (available at: http://www.who. int/bulletin/volumes/92/3/13-128371), according to whether or not they had diabetes. Individuals with diabetes were significantly older than those without, they were significantly less likely to have no formal education or to be hypertensive and they were significantly more likely to be currently working or to be overweight or obese. In addition, diabetics were more likely to come from a household with a high socio-economic status: 40.7% came from the richest quintile, whereas 12.7% came from the poorest quintile.
The unadjusted and age-adjusted prevalence of diabetes and prediabetes are presented in Table 2 , according to the characteristics of individuals in the study population and their households and communities. Overall, the age-adjusted prevalence of diabetes and prediabetes was 9.7% and 22.4%, respectively, and there was no significant difference between the sexes. However, the age-adjusted prevalence of diabetes among urban residents was almost double that in rural residents: 15.2% versus 8.3%, respectively. In contrast, the age-adjusted prevalence of prediabetes was slightly lower among urban than rural residents: 19.0% versus 23.5%, respectively. Among diabetics, 56.0% were unaware they had the condition and only 39.5% were receiving treatment regularly (Fig. 1) . Table 3 shows the risk factors associated with prediabetes identified using the three multilevel logistic regression models. The fully adjusted model indicated that older age, high educational level and high body weight were significantly and positively associated with Table 4 shows the risk factors associated with diabetes. The risk factors identified using the logistic regression model based on sociodemographic and health characteristics only were similar to those identified using the fully adjusted model. There was a positive association between older age and the risk of diabetes. The risk was significantly higher in individuals aged 45 to 49 years and in those aged 55 years or older than in younger individuals aged 35 to 39 years; for example, in those aged 55 to 59 years, the risk was about twice that in those aged 35 to 39 years. In addition, the risk of diabetes was significantly associated with a high educational level, hypertension, being overweight or obese and belonging to one of the richest households. The fully
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adjusted model showed that the risk in individuals currently working was 0.72 more than in those who were not. There was a striking variation in risk among the seven administrative divisions of Bangladesh: the risk in individuals living in Barisal and Chittagong divisions was around double that of those living in the Khulna division. Moreover, the risk of diabetes was also significantly higher in individuals from the Dhaka, Rajshahi and Sylhet divisions than in those from the Khulna division.
Discussion
In this, the first, nationally representative study in Bangladesh, we estimated the prevalence of prediabetes and diabetes and quantified the effect of risk factors for these conditions associated with the characteristics of individuals and their households and communities. The findings suggest that diabetes has become epidemic among the adult population of Bangladesh: around 10% of study participants had diabetes and around 23% had prediabetes. We also found that the prevalence of prediabetes and diabetes varied substantially with the individual's age, educational level and body weight, the presence of hypertension, household socioeconomic status and region of residence.
Our study's findings are consistent with the increasing prevalence of diabetes in Bangladesh observed in a previous systematic review. 5 20 However, the prevalence was only 4% in Viet Nam, perhaps due to differences in climate or dietary habits. 19 We also found that the prevalence of prediabetes was slightly lower among urban than rural residents (19% versus 24%, respectively), as was observed in a study in China. 7 In contrast, the prevalence of diabetes was significantly higher among urban than rural residents (15% versus 8%, P < 0.001). Similar findings have been reported previously in Bangladesh (8% versus 4% in the two groups, respectively), 27 China (11% versus 8%) 7 and the Islamic Republic of Iran (18% versus 15%). 26 Diabetes may be more common among urban residents in these countries because they have a more sedentary lifestyle or different dietary habits or are more likely to be overweight or obese. 28, 29 The associations we found between diabetes and age and body weight are similar to those observed around the world. However, associations with educational level and household socioeconomic status vary internationally. The positive associations we found between these two factors and diabetes have also been observed previously in Bangladesh, 27 China 7,30 and India. 31 In contrast, another study in China found that the prevalence of diabetes was generally unaffected by educational level but was higher in the high-income group. 32 Moreover, studies from both developing and developed countries have found inverse associations between diabetes and educational level and household socioeconomic status, perhaps because the better-educated were more health-conscious. 19, [33] [34] [35] However, obesity appears to be an independent risk factor for diabetes and a study from Brazil showed that better-educated and wealthier individuals were more likely to be obese. 36 Several other studies in developing countries also showed that the risk of obesity and diabetes increased with socioeconomic status. 11, 37, 38 In our study, the risk of diabetes was greater in individuals with hypertension than in those without, as has been reported elsewhere. 4, 7, 11, 12 The reason for the regional variation we found in the prevalence of diabetes and prediabetes is unclear and needs further investigation.
In our study, 56% of diabetics were not aware they had the disease and only 40% were receiving treatment regularly. Similarly, the International Diabetes Federation reported recently that over 50% of people with diabetes in south Asia were unaware of their condition. 3 The epidemic of diabetes in developing countries is affecting young people and is causing disability, loss of income and early death. [1] [2] [3] 39, 40 Since the working-age population is especially susceptible, the economic potential of these countries could be reduced. A study in Bangladesh showed that about 12% of households either borrow money or sell household assets to pay for diabetes treatment. 41 Consequently, diabetes is not only causing serious health problems but is also placing a financial burden on households.
Although diabetes and other chronic diseases are serious public health problems in Bangladesh, they are given only a low priority by the health-care system. In particular, achieving good outcomes in individuals with diabetes in Bangladesh is hampered by: (i) the unavailability of health insurance, except in small areas of the country where it is provided by programmes run by nongovernmental organizations; (ii) inadequately trained staff and limited healthcare facilities in rural areas; (iii) rapid lifestyle changes caused by urbanization; and (iv) the absence of health awareness programmes in the education curriculum. The best way to ensure accessible and affordable care is by introducing universal health coverage. 42, 43 Given that an epidemiological transition currently 
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appears to be under way in Bangladesh, it is important that any mechanism for pooling risk introduced into the country on the way to universal health coverage should incorporate support for public health programmes that target the prevention and management of diabetes. This will ensure a central role for noncommunicable diseases from the start. In addition, patient-related risk factors, such as tobacco use, being overweight or obese and physical inactivity, have also become public health problems in Bangladesh. 44, 45 Tackling these factors could also make an important contribution to the management of diabetes in the country. 46, 47 Our study has several strengths and limitations. The main strengths are the large sample size, the coverage of both rural and urban areas and the nationally representative study population. In addition, the findings provide detailed information on a wide range of risk factors for diabetes and prediabetes. However, the study's cross-sectional nature means that it was not possible to establish a causal relationship between these risk factors and the occurrence of the two conditions. In addition, no information was collected on physical activity levels, tobacco use or dietary habits, which have all been associated with obesity, prediabetes and diabetes in other studies. 30, 35, 48 Consequently, we were unable to control for, or assess, the independent effects of these factors on the prevalence of diabetes and prediabetes. Since understanding the influence of these factors is important for improving the prevention and management of diabetes, further studies in Bangladeshi adults are needed.
In conclusion, our findings show that diabetes and prediabetes are highly prevalent among individuals aged 35 years or more in Bangladesh. The risk of both diabetes and prediabetes was increased in older, wealthier and better-educated individuals, in those with hypertension and in those living in the Barisal and Chittagong divisions. A substantial proportion of diabetics was not aware they had the disease and the majority were not receiving regular treatment.
The challenge of diabetes in Bangladesh could be tackled by: (i) incorporating information on the prevention and control of diabetes into government health promotion programmes; (ii) encouraging all adults to participate in an annual screening programme; (iii) paying more attention to prediabetes, which can be ameliorated by lifestyle changes; and (iv) managing body weight, which was associated with diabetes and prediabetes in our study, by means of lifestyle measures since this will prevent or delay the complications of diabetes. 49 
Резюме
Распространенность диабета и преддиабетного состояния среди взрослого населения Бангладеш и соответствующие факторы риска: национальное исследование Цель Определить распространенность диабета и преддиабетного состояния в Бангладеш на основе данных национального исследования и идентифицировать факторы риска. Методы По лучены социа льно-демографические и антропометрические данные и данные об артериальном давлении и уровне глюкозы в крови у 7541 человека в возрасте 35 лет и старше из выборки биомаркеров, полученных в рамках Исследования в области демографии и здравоохранения Бангладеш (2011 г.), представлявшего собой национальное репрезентативное исследование со стратифицированной многоступенчатой кластерной выборкой. Факторы риска диабета и преддиабетного состояния определялись с помощью многоуровневых логистических регрессионных моделей с поправкой на кластеризацию в пределах домохозяйств и общин. Результаты Стандартизованная по возрасту общая распространенность диабета и преддиабетного состояния составляла 9,7% и 22,4% соответственно. Среди городских жителей стандартизованная по возрасту распространенность диабета составляла 15,2% по сравнению с 8,3% среди сельских жителей. В итоге, 56,0% больных диабетом не подозревали о наличии у них подобного состояния и только 39,5% регулярно проходили лечение. Вероятность заболевания диабетом у лиц в возрасте 55-59 лет была почти вдвое выше, чем у лиц в возрасте 35-39 лет. Вероятность заболевания диабетом была выше у участников исследования из богатейших домохозяйств, чем из беднейших. К тому же, вероятность заболевания диабетом также в значительной степени была связана с уровнем образования, массой тела и наличием гипертензии. Распространенность диабета значительно варьировалась по регионам проживания. Вывод Почти у одной десятой взрослого населения Бангладеш обнаруживается диабет, который недавно стал одной из основных проблем здравоохранения. Необходимо принятие срочных мер по противодействию повышению заболеваемости диабетом посредством улучшения диагностики, информированности, профилактики и лечения.
Resumen
Prevalencia de la diabetes y la prediabetes y sus factores de riesgo entre los adultos de Bangladesh: una encuesta a nivel nacional
Objetivo Estimar la prevalencia de la diabetes y la prediabetes en Bangladesh a partir de datos de encuestas nacionales e identificar los factores de riesgo. Métodos Se obtuvieron datos sociodemográficos y antropométricos sobre la presión arterial y los niveles de glucosa en sangre de 7541 adultos de 35 años o mayores de la muestra de biomarcadores de la Encuesta demográfica y de salud de Bangladesh 2011(DHS), esta fue una encuesta representativa a nivel nacional con un diseño de muestreo por conglomerados estratificado y multietápico. Se identificaron los factores de riesgo de la diabetes y la prediabetes mediante modelos de regresión logística multinivel, con ajustes para el agrupamiento en los hogares y las comunidades. Resultados La prevalencia general ajustada por edad de la diabetes y la prediabetes fue de 9,7 % y 22,4 %, respectivamente. Entre los residentes urbanos, la prevalencia ajustada por edad de la diabetes fue de 15,2 %, en comparación con el 8,3 % entre los residentes rurales. En
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total, el 56,0 % de los diabéticos no sabían que padecían la condición y solo el 39,5 % recibían tratamiento con frecuencia. La probabilidad de padecer diabetes en individuos de 55 a 59 años era casi el doble que en las mujeres de 35 a 39 años. Los participantes del estudio de los hogares más ricos tenían más posibilidades de padecer diabetes que aquellos de los más pobres. Además, la probabilidad de padecer diabetes también estuvo asociada de forma significativa con el nivel educativo, el peso corporal y la presencia de hipertensión. La prevalencia de diabetes varió según la región de residencia. Conclusión Se halló que casi uno de cada diez adultos en Bangladesh padece diabetes, la cual se ha convertido recientemente en un problema de salud pública importante. Se necesitan medidas urgentes para contrarrestar el aumento de la diabetes, mediante la mejora de la detección, la conciencia, la prevención y el tratamiento.
